A simple, rapid fluorescence assay was developed for screening tetracyclines in chicken muscle at the U.S. tolerance level (2 mg/kg). The method requires only a homogenization of the tissue in acetonitrile-ammonium hydroxide, centrifugation, addition of Mg
T etracyclines (TCs) are a group of broad-spectrum antibiotics that have been widely used in veterinary applications. Three TCs are approved for use in chickens in the United States: tetracycline (TC), oxytetracycline (OTC), and chlortetracycline (CTC). The use of antibiotics in food animals has generated increased concern due to reports linking this practice with an increase in antimicrobial resistance (1) . Residue levels of TCs and other antibiotics in meat are monitored by the U.S. Food Safety and Inspection Service to ensure that any antibiotic residues present are below the tolerance set by the U.S. Food and Drug Administration (FDA). Although the percent of violative samples found is very low (2) , it is important to continue monitoring antibiotic residue levels to ensure consumer confidence in the food supply. Efficient methods are thus needed to facilitate monitoring of antibiotic residues in meat.
Methods are needed for both quantitation and confirmation of antibiotic residues. Methods are available for analysis of TCs in poultry; however, these methods generally are time-consuming and involve elaborate or expensive instrumentation (3) (4) (5) . An efficient use of resources is promoted by the use of an initial rapid, inexpensive screening assay. Most samples, being negative, could be assayed more efficiently with just such a simple, inexpensive test. Only the few samples that appeared positive by the screening assay would then need to be further analyzed by a more lengthy quantitative and confirmatory method. Such screening is typically performed with microbial assays, such as the STOP, CAST, FAST (6), Charm II (7), or multiplate assays (8) (9) (10) .
We recently developed a rapid fluorescence screening assay for the inherently fluorescent fluoroquinolone antibiotic, enrofloxacin, in chicken tissue (11) . In this work, we describe the development of another rapid screening fluorescence assay as an alternative to microbial assays. This method can be used effectively at the U.S. FDA tolerance level (2 mg/kg) for TC, OTC, and/or CTC in chicken muscle. 
Experimental

Apparatus
Tissue Samples
Six individual chicken breast samples were purchased from each of 3 different suppliers (Bell and Evans, Tyson, Perdue). Each breast was individually ground to homogeneity in a food processor, and the tissue was then stored at -80°C until use.
Procedure
(a) Fortification and extraction of TCs from chicken muscle.-Homogenized chicken muscle (2.0 g) in a 50 mL disposable centrifuge tube was fortified by addition of TC, OTC, or CTC stock solution to provide the desired level of fortification (20 mL for 2.0 mg/kg level). Solvent (ACN or methanol) was added to provide a total added volume of 100 mL. ACN (6 mL) was then added, along with concentrated NH 4 OH (50 mL), and the mixture was then homogenized. After centrifugation at 4500 rpm (2791´g, 5 min), the supernatant was transferred to a 15 mL disposable centrifuge tube and treated with 0.1M MgCl 2 (60 mL). The resultant sample was allowed to stand for 10 min, after which centrifugation at 4500 rpm (2750´g, 5 min) provided a supernatant suitable for fluorescence analysis.
(b) Fluorescence analysis.-Samples were decanted into a 3 mL quartz cuvette. The excitation wavelength was set at 385 nm, and the emission intensity was monitored at 505 nm. The excitation slit was set at 3, and the emission slit was set at 7.
(c) Preparation of fortified blind samples.-To test the qualitative accuracy of the method in blind fashion, a template was prepared by an independent colleague to fortify (or not) 108 chicken samples, which were analyzed by the method. The results were then reviewed by the independent colleague to determine the rates of false positives and negatives with respect to different concentrations of TC, OTC, and CTC. Unknown to the analyst, the template was designed by systematically assigning blanks or spiked samples ranging in equally spaced concentration gradations in triplicate from 1 to 2.75 mg/kg for TC, and from 1 to 3.0 mg/kg for OTC and CTC. Altogether, there were 18 blanks, 24 TC spikes, and 33 spikes each of OTC and CTC. The template was then randomly assigned a number from 1 to 108, and the blind analyses were performed in that order.
Results and Discussion
Our recently developed rapid screening assay for enrofloxacin in chicken muscle (11) led us to explore the application of fluorescence for the screening of other antibiotics. Our goal was to develop a simple, rapid method, taking advantage of the fluorescence observed for TCs in the presence of base and divalent cations (12) .
The first problem to be resolved was the extraction of TCs from fortified chicken tissue. Extraction of TC-fortified tissue with aqueous solutions, such as the widely used McIlvaine-EDTA buffer (13), or succinate buffer followed by trichloroacetic acid (14) , in each case provided samples that rapidly became turbid on standing, possibly due to protein precipitation. Although such extracts are commonly cleaned up further by solid-phase extraction, a rapid extraction without further cleanup was preferable. The combination of ACN with NH 4 OH provided clear supernatants after centrifugation suitable for fluorescence analysis. Recoveries were determined from the relative response of fortified and matrix-matched samples: (fortified-control)/(matrixmatched-control). Although recoveries were generally low (22-39%), high recoveries are not essential if sufficient discrimination can be made in such a screening assay between control tissue and tissue containing TC at the tolerance level.
The next question was thus to determine whether a sample fortified with TC at tolerance (2 mg/kg) and then extracted would give a significantly higher fluorescence response than that for an extract of control tissue. Initial studies looked quite promising, so a sample set of 18 individual chicken breasts was procured, representing 3 different producers, to determine whether a significant difference would still occur between control and tolerance-fortified samples once individual and producer variations were introduced.
Each chicken breast was treated with ACN or TC stock solution to give a control and a 2 mg/kg fortified sample. These samples were each run with 3 replicates, and the results are shown in Figure 1 . A 3s line extending down from the average value of the 2 mg/kg fortified samples (0 2 -3s 2 ) and one extending up from the average control value (0 0 +3s 0 ) clearly show a large area with no overlap between the regions, which should represent control and tolerance-fortified samples. A similar result, albeit with a smaller area between the 2 regions, was observed for samples fortified with TC at ½ tolerance (1 mg/kg; Figure 1 ). These results clearly indicate that this approach could be used as a screen for TC in chicken muscle at the U.S. tolerance level.
After successful completion of these background experiments with TC, we examined application to OTC and CTC. The corresponding results are shown in Figure 1 . In both cases, the fluorescence response for the fortified samples was lower than that observed for TC, but a clear differentiation still resulted between control and tolerance-fortified tissues, indicating that this approach could be used as a screen for OTC or CTC as well. These experiments, performed several months after the TC experiments, revealed that the fluorometer response could vary over this time for the same control samples. To address this issue, one control sample (B6) was chosen as a reference point, and all fluorescence readings from these sets of experiments involving OTC and CTC were normalized to this reference signal. Day-to-day variation over the course of a week did not result in any significant differences, as illustrated in Table 1 for a 1 mg/kg TC experiment.
The purpose of these experiments was to determine whether a screening method could be successful based on this technique, and to establish a threshold fluorescence value for each compound to identify samples that are at or above the tolerance level. With a screening assay, false-negative results are undesirable, as violative samples would be missed. In order to minimize false negatives, the threshold could be set at the fluorescence intensity corresponding to 0 2 -3s 2 . This threshold, based on the normal Gaussian distribution theory, would detect 99.87% of all samples with 2 mg/kg concentration. A fluorescence response in a test sample at or above that level would be classified as a positive, and the sample would then need to be analyzed further by a more elaborate method. Most samples, being nonviolative, would give a response below this threshold and would not need to be pursued further.
In order to test this assay method, a group of blind samples was prepared. Chicken breast samples were either fortified with solvent (controls), TC, OTC, or CTC over a range of concentrations above and below the 2 mg/kg tolerance level. Analysis of these samples provided the fluorescence results shown in Figure 2 . A linear-type response was observed, with lower response for OTC and CTC than for TC. Comparison with the fortification levels after the analysis led to an assessment of the number of false-violative and false-negative results, as tabulated in Table 2 . All 18 blank samples gave responses below the 2 mg/kg level for each TC antibiotic. Among samples fortified with a TC, only 2 false-negative samples were observed. These false negatives were for TC at 2 mg/kg, samples that in fact would not be violative. A few false violations were observed for OTC and CTC. These false violations could be reduced by movement of the threshold up to ³0 2 ; however, this results in an increase in false negatives for TC and CTC. A number of false violations in this study are acceptable, as in practice, most samples analyzed will in all probability not be near violative; and the percent of actual false violations would be less.
The specific TC antibiotic, which had been added to the blind samples, was known when results were compared with the known fortification levels and the corresponding threshold was used. If unknown samples that contain either TC, OTC, or CTC are to be analyzed by this method, then the difference in fluorescence response for the 3 compounds would need to be considered. To ensure a minimum of false-negative results, the threshold chosen should be optimized for the least-sensitive compound, CTC. This approach could generate additional false-violative results for those samples containing less-than-violative levels of TC and, to some extent, OTC, as illustrated in Table 2 . As described previously, however, the total number of violative and false-positive samples expected in an actual monitoring situation would in all probability be small.
As a final test of the method, additional antibiotics approved for use in chickens in the United States were examined at their tolerance levels for possible interference in the assay. Neither tylosin (200 ppb), enrofloxacin (300 ppb), nor nicarbazin (4 ppm) interfered, with each case giving responses consistent with control samples.
The method developed provides a simple, rapid screening for TC, OTC, or CTC in chicken muscle at the U.S. FDA tolerance level of 2 mg/kg. It provides an alternative to microbial screening methods and, coupled with a more extensive quantitative and confirmatory method, provides an efficient approach to monitoring residues of TC antibiotics in chicken muscle. 
